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Abstract 

Background: People who inject drugs (PWID) are at high risk of hepatitis C virus (HCV) infection. Trends in HCV incidence 
and associated risk factors among PWID recruited between 1996 and 2012 in Vancouver, Canada were evaluated. 

Methods: Data were derived from a long-term cohort of PWID in Vancouver. Trends in HCV incidence were evaluated. 
Factors associated with time to HCV infection were assessed using Cox proportional hazards regression. 

Results: Among 2,589, 82% (n = 2,1 21 ) were HCV antibody-positive at enrollment. Among 364 HCV antibody-negative 
participants with recent (last 30 days) injecting at enrollment, 126 HCV seroconversions were observed [Overall HCV 
incidence density: 8.6 cases/100 person-years (py); 95% confidence interval (95% CI): 7.2, 10.1; HCV incidence density among 
those with injecting during follow-up: 11.5 cases/100 py; 95% CI 9.7, 13.6]. The overall HCV incidence density declined 
significantly from 25.0/100 py (95% CI: 20.2, 30.3) in 1996-99, as compared to 6.0/100 py (95% CI: 4.1, 8.5) in 2000-2005, and 
3.1/100 py (95% CI: 2.0, 4.8) in 2006-2012. Among those with injecting during follow-up, the overall HCV incidence density 
declined significantly from 27.9/100 py (95% CI: 22.6, 33.6) in 1996-99, as compared to 7.5/100 py (95% CI: 5.1, 10.6) in 
2000-2005, and 4.9/100 py (95% CI: 3.1, 7.4) in 2006-2012. Unstable housing, HIV infection, and injecting of cocaine, heroin 
and methamphetamine were independently associated with HCV seroconversion. 

Conclusions: HCV incidence has dramatically declined among PWID in this setting. However, improved public health 
strategies to prevent and treat HCV are urgently required to reduce HCV-associated morbidity and mortality. 
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Introduction 

Hepatitis C virus (HCV) infection remains a considerable health 
problem among people who inject drugs (PWID). Globally, it is 
estimated that 10 million PWID are HCV-infected worldwide, 
corresponding to a mid-point prevalence of 67% [1]. HCV 
transmission continues to occur among PWID, with most 
estimates of HCV incidence in this group ranging from 1 0 to 40 
cases per 100 person-years [2-18]. However, several studies have 
indicated that HCV incidence among PWID may be decreasing in 
some settings [2,8,9]. Understanding the long-term trends and 
factors associated with HCV incidence is crucial for the 
development and evaluation of HCV prevention and treatment 
programs for PWID. 

Beginning in 1994, Vancouver, Canada experienced an 
outbreak of HCV infection among PWID, with an incidence of 
29 per 100 person-years reported between 1996 and 1999 [4]. 
Factors independently associated with HCV seroconversion 
included female sex and at least daily injecting drug use, 
specifically cocaine injecting [4]. Over the past 15 years, there 
have been substantial changes in Vancouver's drug markets and 
an increased availability of services intended to prevent HCV and 
human immunodeficiency virus (HIV) infections [including the 
expansion of needle and syringe programs (NSP), opioid agonist 
therapy (OAT) and the establishment of a medically supervised 
safer injecting facility (Insite)]. A decrease in the incidence of HCV 
infection has been observed at the population-level in the Province 
of British Columbia [19], but little is known about the trends in 
HCV incidence among PWID in this setting. Therefore, the aim 
of this study was to investigate trends in HCV incidence and 
factors associated with HCV infection among a cohort of PWID in 
Vancouver, Canada from 1996 to 2012. 

Methods 

Study Population and Design 

The Vancouver Injection Drug Users Study (VIDUS) is an 
open prospective community-recruited cohort of PWID in 
Vancouver, Canada. Beginning in May 1996, active PWID (i.e. 
those who reported injecting drugs in the previous month) were 
recruited in the Greater Vancouver region on an ongoing basis 
throughout the study period. Recruitment strategies employ 
extensive street-based outreach and "snowball" sampling ap- 
proaches. Given VIDUS is an open cohort, new participants were 
continuously enrolled in the cohort over the study period to 
replace those who died or were lost to follow-up. All participants 
were recruited through street outreach, word of mouth, and self- 
referral, and provided written informed consent prior to entering 
the study. The University of British Columbia/Providence Health 
Care Research Ethics Board approved this study. 

For the current study, all participants who completed a baseline 
survey between May 1996 and December 2012 were eligible for 
inclusion. Individuals at-risk for HCV infection included partic- 
ipants who were HCV antibody negative at the study enrolment 
visit and had at least one follow-up visit. Analyses were performed 
among the overall study population (those who reported injecting 
in the previous month at cohort entry) and among those who 
reported injecting during follow-up (previous six months) to assess 
outcomes specifically among those injecting during the study 
period. Three study periods were identified a priori to control for 
potential cohort effects (1996-99, 2000-2005, and 2006-2012). 
These periods were chosen based on the fact that between 2000 
and 2002 there were substantial changes by the Vancouver health 
authority to move from syringe exchange to syringe distribution to 



maximize access to sterile syringe access, which was associated 
with reduced rates of syringe sharing among PWID in Vancouver 
[20]. As such, these periods represented a pre-intervention (1996- 
1999), intermediate intervention (2000-2005) and post-interven- 
tion period (2006-2012). 

Study Assessments 

At baseline and semi-annually, participants completed a 
harmonized interviewer- administered questionnaire. Sociodemo- 
graphic data, as well as information pertaining to drug use 
patterns, risk behaviors, and health care utilization were collected. 
The survey for each study consisted of a uniform set of questions, 
which permitted the aggregation and analysis of data from all 
enrolled participants. Nurses collected blood samples for HIV and 
hepatitis C serology, and also provided basic medical care and 
referrals to appropriate health care services. Participants received 
$20 for each study visit. 

Measurements 

The primary study outcome was HCV seroconversion (defined 
by an HCV antibody negative test at enrolment followed by an 
HCV antibody positive test). The estimated date of HCV 
seroconversion was calculated as the mid-point between the last 
negative and first positive HCV antibody test. For those with HCV 
seroconversion, follow-up time was calculated from the first HCV 
antibody negative test until the estimated date of HCV serocon- 
version. For those without HCV seroconversion, follow-up time 
was calculated from the first to the last HCV antibody negative test 
observed during the study period. 

Statistical Analyses 

Descriptive analyses were performed to characterize the study 
population during three enrolment periods (1996-1999, 2000- 
2005 and 2006-2012). The characteristics of participants enrolled 
across these three enrolment periods were compared using Fisher's 
exact test for categorical variables and the Kruskal-Wallis test for 
continuous variables. To test for trends across enrolment periods, 
the Cochran-Armitage trend test was used for categorical variables 
and linear regression for continuous variables (e.g., age). 

The HCV incidence density and confidence intervals were 
calculated by the person-years method among those who were 
negative for HCV antibodies at study enrolment among: i) the 
overall study population (those who reported injecting in the 
previous month at cohort entry); and ii) among those who 
contributed injecting person-years during follow-up (previous six 
months). Trends in HCV incidence density were assessed by 
calendar year, calendar period (1996-1999, 2000-2005, and 
2006-2012), enrolment period (1996-1999, 2000-2005, and 
2006-2012) and a combination of both enrolment period and 
calendar period. This was also presented visually using a diamond 
graph, which shows a continuous outcome across two categorical 
strata [21]. 

Cox proportional hazards analyses were used to identify factors 
associated with time to HCV seroconversion among the overall 
study population (those who reported injecting in the previous 
month at cohort entry), allowing for time-dependent variation in 
injecting behaviors during follow-up. Hypothesized factors asso- 
ciated with HCV incidence were determined a priori and included 
the following baseline characteristics: sex (male vs. female) [4]; 
education, defined as high school completion (yes vs. no) [17]; and 
year of enrolment (1996-1999, 2000-2005, and 2006-2012). 
Exposures that were measured at baseline and repeatedly during 
follow-up were treated as time-dependent variables in all survival 
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models and included: age (per year older) [22,23]; unstable 
housing status, defined as living in a single occupancy room in a 
hotel, a treatment or recovery house, jail, shelter or hostel, or 
having no fixed address in the last 6 months (yes vs. no); 
unemployment in the last 6 months (yes vs. no); various measures 
of drug use, including crack cocaine use via smoking, any injecting 
drug use, injecting heroin, injecting cocaine and injecting 
methamphetamine (including crystal methamphetamine) in the 
last 6 months [4,22,24,25]; syringe borrowing, defined as injecting 
with a used syringe in the last 6 months [22]; and HIV status. 

Two separate models were evaluated for each population of 
interest including: i) one model considering any injection drug use 
(i.e., without injecting cocaine, heroin or methamphetamine 
entered into the model); and ii) one model with each type of 
injecting drug entered separately (two separate models in total). 
The selection of variables for the multivariable models was based 
on two criteria: Akaike Information Criterion (AIC) and Type III 
p-values, as has previously been described [26,27]. Briefly, these 
two criteria balance the model choice on finding the best 
explanatory model (Type III p-values - lower p-values indicate 
more significance) and at the same time a model with the best 
goodness-of-fit statistic (AIC - lower values indicate better fit). At 
each step of this process, the AIC value and the Type III p-values 
of each variable are recorded, and the variable with the highest 
Type III p-value is dropped, until there are no more variables left 
in the model. The final model has the lowest AIC. Statistically 
significant differences were assessed at j6<0.05; p-values are two- 
sided. All analyses were performed using SAS software (version 
9.2; SAS Institute Inc., Cary, North Carolina, USA). 

Results 

Participant Characteristics 

In total, 2,589 unique participants were eligible for inclusion in 
this analysis (Figure 1). At enrolment, 82% (2,121 of 2,589) were 
HCV antibody positive. Among participants who were HCV 
antibody negative at enrolment (n = 448), 364 participants had &2 
visits and were eligible for the assessment of trends in HCV 
incidence. Compared to those with no follow-up visits, those with 
follow-up and included in the analysis were more likely to be older 
(Table SI). There were no other significant differences in 
sociodemographic characteristics between those with and without 
follow-up. 

Table 1 illustrates the characteristics of the cohort separated 
into three enrolment periods (1996-99, 2000-2005, and 2006- 
2012). Compared with the 1996-1999 cohort, the 2006-2012 
cohort was older, had a lower proportion of females and a greater 



proportion with a high school education or higher. The proportion 
of participants reporting any syringe borrowing in the last 6 
months and injecting cocaine use decreased over time (Table 1 
and Figure 2). Crack cocaine and injecting methamphetamine use 
at the time of study enrollment increased over time (Table 1 and 
Figure 2). The proportion reporting injecting heroin remained 
stable over time (Figure 2). 

Trends in HCV Incidence Density 

Among 364 participants overall who were HCV antibody 
negative at enrollment with &2 visits, 126 HCV seroconversions 
were observed between 1996 and 2012 over 1,466 person-years 
(py) of follow-up, resulting in an overall HCV incidence density of 
8.6 cases/100 py [95% confidence interval (95% CI): 7.2, 10.1]. 
The average number of study visits was 7.6 and the median (Ql— 
Q3) was 5.0 (2.0-10.5). The average follow-up (in years) was 4 
years and the median (QJ-Q3) was 2.8 (0.9-6.0) years. The 
annual HCV incidence density by calendar year of observation is 
shown in Figure 3A. 

When these analyses were restricted to HCV antibody negative 
participants with recent injecting during follow-up, 126 HCV 
seroconversions were observed between 1996 and 2012 over 1,094 
py of follow-up, resulting in an overall HCV incidence density of 
11.5 cases/100 py [95% confidence interval (95% CI): 9.7, 13.6]. 
The annual HCV incidence density by calendar year of 
observation in those with injecting person-years of follow-up is 
shown in Figure 3B. 

As shown in Figure 4A, by calendar year of enrolment, the 
HCV incidence density declined significantly from 11.8/100 py 
(95% CI: 9.6, 14.2) in 1996-99, as compared to 5.7 cases/100 py 
(95% CI: 3.4, 8.9) in 2000-2005, and 4.2 cases/ 100 py (95% CI: 
2.3, 6.8) in 2006-2012. As shown by Figure 4B, by calendar year 
of observation, the HCV incidence density declined significandy 
from 25.0/100 py (95% CI: 20.2, 30.3) in 1996-99, as compared 
to 6.0 cases/100 py (95% CI: 4.1, 8.5) in 2000-2005, and 3.1 
cases/100 py (95% CI: 2.0, 4.8) in 2006-2012. 

As shown in Figure 4C, when these analyses were restricted to 
HCV antibody negative participants with recent injecting during 
follow-up, the HCV incidence density declined significantly by 
calendar year of enrolment, from 16.2/100 py (95% CI: 13.3, 
19.5) in 1996-99, as compared to 7.8 cases/100 py (95% CI: 4.7, 
12.0) in 2000-2005, and 5.2 cases/ 100 py (95% CI: 2.9, 8.4) in 
2006-2012. As shown in Figure 4D, when these analyses were 
restricted to HCV antibody negative participants with recent 
injecting during follow-up, the HCV incidence density declined 
significandy by calendar year of observation, from 27.9/100 py 
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Figure 1. Participant disposition. 
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Table 1. Characteristics of HCV antibody negative PWID by year of enrolment in the VIDUS cohort between 1996 and 2012 in 
Vancouver, Canada (n = 364). 



Year of Enrollment 




1996-1999 


2000-2005 


2006-2012 (n = 97) n 






Variable 


(n = 198) n (%) 


(n = 69) n (%) 


(%) 






Median age (25-75 th percentiles)* 


25 (20-35) 


23 (21-26) 


39 (31-47) 


<0.001 


<0.001 


Female sex 


63 (32%) 


32 (46%) 


20 (21%) 


0.002 


0.144 


High school education or higher* 


45 (23%) 


19 (28%) 


40 (45%) 


<0.001 


<0.001 


Unstable housing^ 


1 22 (62%) 


44 (64%) 


61 (64%) 


0.924 


0.724 


HIV infection 


1 0 (5%) 


1 (1%) 


26 (27%) 


<0.001 


<0.001 


Crack cocaine use (smoking)^ 


56 (28%) 


58 (84%) 


74 (76%) 


<0.001 


<0.001 


Syringe borrowing^ 


74 (38%) 


13 (19%) 


9 (9%) 


<0.001 


<0.001 


Cocaine Injecting' 


1 37 (69%) 


34 (49%) 


47 (48%) 


<0.001 


<0.001 


Heroin Injecting 1 


147 (74%) 


53 (77%) 


61 (63%) 


0.083 


0.065 


Methamphetamine injecting^ 


0 (0%) 


0 (0%) 


34 (35%) 


<0.001 


<0.001 



Percentages indicate column percentages; 

*At the time of enrolment; 

tin the last 6 months prior to enrolment; 

^'p-value for association (Fisher's exact test for categorical variables, Kruskal-Wallis Test for continuous variables); 
§ p-value for trend (Cochran-Armitage test for categorical variables, linear regression for continuous variables). 
doi:1 0.1 371 /journal.pone.0097726.t001 



(95% CI: 22.6, 33.6) in 1996-99, as compared to 7.5 cases/ 100 py 
(95% CI: 5.1, 10.6) in 2000-2005, and 4.9 cases/100 py (95% CI: 
3.1, 7.4) in 2006-2012. 

As shown in Figure 5, trends in HCV incidence density were 
assessed by a combination of both enrolment period and calendar 
period of observation. Among those enrolled in 1996-1999 



(Figure 5), the HCV incidence density declined from 25.0/100 
py (95% CI: 20.2, 30.3) in 1996-99, as compared to 5.0 cases/ 100 
py (95% CI: 2.9, 7.9) in 2000-2005, and 0.7 cases/ 100 py (95% 
CI: 0.01, 3.7) in 2006-2012. Among those enrolled in 2000-2005, 
the HCV incidence density was 8.3/100 py (95% CI: 4.5, 13.8) in 
2000-2005, and 3.1 cases/100 py (95% CI: 1.0, 7.2) in 2006- 



100-, 
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'■c 
o 

9- 40-^ 
o 



20- 



Syringe borrowing — »— Crack cocaine use 
Cocaine injecting Heroin injecting 

Methamphetamine injecting 



T T 1 

1996-99 2000-2005 2006-2012 

Year of study enrollment 

Figure 2. Trends in syringe borrowing and drug use at enrolment among HCV antibody negative PWID enrolled in the VIDUS 
cohort in Vancouver, Canada by year of enrollment. 

doi:1 0.1 371 /journal.pone.0097726.g002 
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Figure 3. Annual incidence density of HCV infection (per 100 person-years) among PWID in the VIDUS cohort between 1996 and 
2012. A) overall population (injecting at enrolment); B) those with person-years of injecting during follow-up. The circles indicate the HCV incidence 
density (per 100 person years) and the lines indicate the 95% confidence intervals (95% CI). 
doi:1 0.1 371 /journal.pone.0097726.g003 



2012. Among those enrolled in 2006-2012, the HCV incidence 
density was 4.2/100 py (95% CI: 2.3, 6.8) in 2006-2012. 

Factors Associated with HCV Seroconversion 

Factors associated with HCV seroconversion in unadjusted Cox 
proportional hazards analyses are shown in Table 2. In both 
Kaplan-Meier analyses (Figure 6 and Figure SI) and unadjusted 
Cox proportional hazards analyses (Table 2), enrolment periods 
2000-2005 and 2006-2012 were associated with reduced HCV 
seroconversion. In adjusted Cox proportional hazards analyses in 
the overall study population, HCV infection was associated with 
older age, unstable housing, HIV infection, cocaine injecting, 



heroin injecting and methamphetamine injecting (Table 2). The 
enrolment periods 2000-2005 and 2006-2012 were also associ- 
ated with reduced HCV seroconversion. 

Discussion 

This study characterizes trends in HCV incidence and 
associated factors among a cohort of people who inject drugs 
(PWID) recruited between 1996 and 2012 in Vancouver, Canada. 
HCV incidence among PWID in this cohort has decreased 
significandy since 1996. The decrease in HCV incidence between 
1996 and 2012 was associated with shifts in drug use in the region, 
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Figure 4. Incidence density of HCV infection (per 100 person-years) among PWID in the VIDUS cohort by year of study enrollment 
in: A) the overall population; B) those with person-years of injecting during follow-up; and calendar year of observation in: C) the 
overall population; and D) those with person-years of injecting during follow-up. The circles indicate the HCV incidence density (per 100 
person years) and the lines indicate the 95% confidence intervals (95% CI). 
doi:1 0.1 371 /journal.pone.0097726.g004 



characterized by decreases in syringe borrowing, as well as an 
increase in crack cocaine use. In survival analysis, factors 
associated with HCV infection included unstable housing, HIV 
infection, and injecting of cocaine, heroin and methamphetamine. 
This study provides important insights into the long-term trends in 
HCV incidence among PWID in Vancouver and highlights factors 
important for the control of HCV infection among PWID. This 
information is crucial for the development and evaluation of 
prevention programs targeted to this group, particularly in settings 
where HCV incidence remains high in this population. 

The incidence of HCV infection declined substantially during 
the study period, consistent with an overall decrease in HCV 
incidence at the population-level in the province of British 
Columbia [19]. Further, people enrolled in 2000-2005 and 
2006-2012 had a reduced risk of HCV infection, after adjusting 
for other factors associated with HCV infection. Although there 
are few recent international studies following sufficient numbers of 
PWID over such a long period to assess long-term trends in HCV 
incidence, this is consistent with the results observed elsewhere. In 
a long-term cohort of PWID in Amsterdam, the Netherlands, 



HCV incidence decreased from 27.5/100 py in 1985 as compared 
to 2.0/100 py in 2004-2005 [2]. In Australia, among PWID 
attending needle and syringe programs, HCV incidence decreased 
from a peak of 30.8/100 py in 2003 to a low of 4.0/100 py in 2009 
[9] . In a community-based cohort of PWID in Baltimore, United 
States, a non-significant decline in HCV incidence was observed 
from 22.0 cases/100 py in 1988-1989 to 7.8 cases/100 py in 
2005-2008 [8]. However, HCV incidence remains high in a 
number of international settings, ranging from 7 to 47/100 py 
[3,5-8,10-17], and strategies to prevent infection are still urgently 
needed. 

Consistent with previous studies, unstable housing [17], 
injecting cocaine use [4,5,9,11,14,16,17] and injecting heroin use 
[9, 1 1 , 1 7] were associated with HCV infection in this study. 
Injecting methamphetamine use was also associated with HCV 
infection, which is a concerning finding, given an increase in 
methamphetamine use and reports of ready access to metham- 
phetamine among young people who use drugs in Vancouver [28] . 
Further prevention efforts are needed specifically targeted to 
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Figure 5. Incidence density of HCV infection (per 100 person-years) among PWID in the VIDUS cohort by calendar year of 
enrolment and calendar year of observation. Each shaded area is a proportion relative to the largest incidence rate with 25.0 being 1 (full 
shading). The numeric values of the rates are used as the labels [95% CI]. Cells with N/A are blank. 
doi:1 0.1 371 /journal.pone.0097726.g005 



methamphetamine injectors, given the increased risk of HCV 
seroconversion in this group. 

Prevention of HCV infection can occur through both reductions 
in injecting risk behaviours and prevention of initiation into 
injecting [29]. Mathematical modeling of the impact of NSP on 
HCV transmission among PWID in Australia has demonstrated 
that the number of times each syringe is used before disposal is the 
most sensitive behavioral factor in determining the incidence of 
HCV infection, followed by the percentage of injections that are 
shared [30]. In Amsterdam, the Netherlands, modelling suggests 
that the marked decreases in HIV and HCV among PWID in 
Amsterdam since 1990 could be due partly to harm reduction 
measures; however, they may also be attributable to behavior 
changes in the PWID population (namely reduced injecting drug 
use) [31]. In Australia, changes to Australian drug markets (heroin 
shortage in the early 2000s) and the wide-spread availability of 
NSP and OAT have likely contributed to a decrease in the 
observed HCV incidence among PWID [9] . 

In this study, the proportion of HCV antibody negative PWID 
reporting recent syringe borrowing decreased significandy be- 
tween 1996-99 and 2006-2012. The observed decrease in syringe 
sharing is also concurrent with an increase in injecting cessation 
that has been described in Vancouver over the past decade [32]. 
Further, in this study, the proportion smoking crack cocaine 
significandy increased between 1996-99 and 2006-2012, while 
the proportion reporting any syringe borrowing decreased. The 
observed increase in crack cocaine smoking is consistent with 
previous data demonstrating that crack cocaine smoking among 
PWID in Vancouver has increased substantially, with frequent 
cocaine injecting and methamphetamine injecting being indepen- 
dent predictors of crack cocaine initiation [33]. Although the 
inverse association between crack cocaine smoking and HCV 
infection in this study was not statistically significant in adjusted 



models, it is plausible that the shift from injecting cocaine to 
smoking crack cocaine use has resulted in transitions out of 
injecting, as well as a potentially reduced rate of entry into 
injecting and, by consequence, lowered risk of HCV infection. 
Decreased HCV incidence in Vancouver is likely due to a 
combination of factors, but likely includes decreases in syringe 
borrowing and decreased entry into injecting drug use (namely, 
cocaine and heroin). Another key factor is the extremely high 
baseline HCV prevalence, which was 82% at study entry, and 
which reduced the number of individuals eligible for subsequent 
HCV infection during follow-up. Overall, it is important to note 
that the association between year of enrolment and HCV 
seroconversion persisted after adjustment for a number of other 
factors, suggesting that the decline in HCV incidence is not fully 
explained by these variables and therefore other unmeasured 
factors may have played a role (e.g. other harm reduction 
interventions, such as NSP or OST programs). 

This study has a number of limitations. The VIDUS cohort is 
not a random sample of the eligible population of PWID in 
Vancouver. While analyses indicate that the VIDUS cohort is 
representative of PWID in the DTES community [34], findings 
from the present study should be generalized and interpreted with 
caution. As a result, the findings may not be generalizable to all 
Vancouver PWID and other urban or remote/ rural settings where 
drug use is common. Information on all behaviours were collected 
by self-report and may be subject to response biases. Twenty-five 
percent of participants who were HCV negative were lost-to 
follow-up, which is also a limitation. This is important because 
Cox models assume non-informative censoring (lost to follow up is 
random for exposures and covariates related to the outcome of 
interest). NSP coverage was not assessed in this study, given 
previous studies highlighting selection effects involving high-risk 
participants reporting regular NSP use in this setting [4,35]. 
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Table 2. Cox proportional hazards analysis of factors associated with time to HCV seroconversion among PWID in the VIDUS 
cohort between 1996 and 2012 in Vancouver, Canada. 



Model 1 Adjusted 

for any injecting Model 2 Adjusted for 
drugs AHR* (95% specific injecting drugs 
Variables Unadjusted HR CI) AHR* (95% CI) 



Fixed 


Female sex (vs. male sex) 


1.42 (0.95, 2.10) 


1.42 (0.95, 2.10) 


1.41 (0.95, 2.09) 


High school education or higher (vs. less than high school)* 


0.63 (0.47, 0.85) 






Year of Enrollment 


1996-1999 


1 (-) 


1 (-) 


1 (-) 


2000-2005 


0.76 (0.51, 1.13) 


0.49 (0.29, 0.82) 


0.49 (0.29, 0.83) 


2006-2012 


0.21 (0.14, 0.30) 


0.21 (0.12, 0.39) 


0.17 (0.09, 0.35) 


Time-varying 


Age 


1.01 (1.00, 1.03) 


1.02 (1.00, 1.04) 


1 .02 (0.99, 1 .04) 


HIV infection (vs. none)' 


0.96 (0.57, 1.60) 


1.77 (1.01, 3.10) 


1.76 (1.00, 3.11) 


Unstable housing (vs. stable)' 


1.66 (1.22, 2.28) 


1.68 (1.15, 2.44) 


1.61 (1.10, 2.36) 


Crack cocaine use (smoking) (vs. none) 


0.78 (0.58, 1 .04) 






Any injection drug use (vs. none)' 


8.43 (5.53, 12.85) 


3.42 (1.58, 7.41) 


Not included 


Syringe borrowing (vs. none)' 


3.67 (2.66, 5.08) 


1.37 (0.91, 2.04) 


1 .32 (0.88, 1 .98) 


Cocaine injecting (vs. none)' 


4.04 (3.03, 5.38) 


Not included 


1.77 (1.20, 2.61) 


Heroin injecting (vs. none) 1 


4.39 (3.26, 5.93) 


Not included 


1.57 (1.05, 2.35) 


Methamphetamine injecting (vs. none)' 


2.45 (1.74, 3.46) 


Not included 


2.53 (1.11, 5.73) 



HR = hazard ratio; 

*At the time of enrolment, 

^ln the past 6 months, 

¥ Model 1 was assessed in the overall population and selected to assess the impact of any injecting drugs and so cocaine injecting, heroin injecting and 
methamphetamine injecting are not included; 

*Model 2 was assessed in the overall population and selected to assess the impact of the specific contribution of cocaine injecting, heroin injecting and 
methamphetamine injecting and so any injecting was not included. 
doi:1 0.1 371 /journal.pone.0097726.t002 




Figure 6. Kaplan-Meier graphs of time to HCV seroconversion by calendar year of enrolment between 1 996 and 201 2 among PWID 
in the VIDUS cohort (truncated at 5 years of follow-up). 

doi:1 0.1 371 /joumal.pone.0097726.g006 
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Injecting equipment borrowing was also not assessed in this study, 
but could be hypothesized to also be associated with HCV 
infection, given that the risk of HCV infection through shared 
drug preparation equipment is similar to that of shared syringes 
[36]. Another potential confounder is left truncation bias, where 
more recent enrollees may not have been followed for a sufficient 
time to demonstrate HCV seroconversion. The effect of this would 
be that as time goes on, early recruits who remain seronegative 
(e.g. "survivors" whose risk may diminish because of unmeasured 
factors) will be increasingly over-represented and contribute more 
person time, thus diluting incidence rates in later calendar periods. 
In an effort to reduce the impact of left truncation bias, we have 
combined the later calendar years in subsequent analyses. A 
problem that is also common among closed cohort studies is that 
some people may exit the HCV-susceptible cohort due to 
seroconversion, leading to a cohort with a higher proportion of 
low-risk individuals, also known as "the depletion of susceptibles". 
While it is possible that the observed decreases could pardy be 
attributed to the removal of higher risk individuals, VIDUS is an 
open cohort and new participants were continuously enrolled in 
the cohort over the study period to replace those who died or were 
lost to follow-up. To minimize this potential limitation, analyses 
were performed to provide estimates of HCV incidence by both 
enrolment period and calendar year of observation, clearly 
demonstrating a decreasing HCV incidence over time in this 
cohort. Further, the Kaplan-Meier of time to HCV seroconversion 
by calendar year of enrolment demonstrates that newly recruited 
participants are definitely still at risk of HCV seroconversion, 
albeit at a lower rate than the older cohorts. Lastiy, we cannot 
exclude the possibility that sampling may have changed during 
follow-up, leading to a cohort at lower risk of HCV infection over 
time, despite that the sampling methodologies for VIDUS have 
remained consistent over the past two decades. 

In summary, we have demonstrated a dramatic reduction in the 
incidence of HCV infection among PWID in the VIDUS study 
between 1996 and 2012 in Vancouver, Canada. Decreases in 
HCV incidence were accompanied by increases in crack cocaine 
smoking and decreases in syringe borrowing coinciding with a 
scale up of harm reduction programming. Factors independendy 
associated with HCV infection included unstable housing, HIV 
infection and injecting drug use behaviours. Although the 
observed declines in HCV incidence are encouraging, we note 
that HCV transmission continues to occur among PWID in 
Vancouver. 

Further work is needed to better understand HCV transmission 
pathways among those transmitting and at risk for HCV infection. 
For example, it is now possible to identify transmission clusters and 
transmission cluster characteristics through recent advances in 
molecular epidemiology, phylogenetic, and phylodynamic meth- 
odologies [37]. Identifying characteristics of people at high risk of 

References 

1. Nelson PK, Mathers BM, Cowie B, Hagan H, Desjarlais D, ct al. (201 1) Global 
epidemiology of hepatitis B and hepatitis G in people who injeet drugs: results of 
systematic reviews. Lancet 378: 571-583. 

2. van den Berg CH, Smit G, Bakker M, Gcskus RB, Berkhout B, et al. (2007) 
Major decline of hepatitis C virus incidence rate over two decades in a cohort of 
drug users. Eur J Epidemiol 22: 183-193. 

3. Lucidarme D, Bruandct A, Ilef D, Harbonnicr J, Jacob C, et al. (2004) Incidence 
and risk factors of HGV and HIV infections in a cohort of intravenous drug 
users in the North and East of France. Epidemiol Infect 132: 699-708. 

4. Patrick DM, Tyndall MW, Cornclissc PG, Li K, Sherlock CH, ct al. (2001) 
Incidence of hepatitis G virus infection among injection drug users during an 
outbreak of HIV infection. Cmaj 165: 889-895. 

5. Maher L, Jalaludin B, Chant KG, Jayasunya R, Sladdcn T, ct al. (2006) 
Incidence and risk factors for hepatitis G seroconversion in injecting drug users 
in Australia. Addiction 101: 1499-1508. 



HCV transmission may provide important information for the 
design and implementation of public health strategies targeted 
towards PWID in an effort to reduce or eliminate HCV in this 
population, particularly in settings where HCV incidence remains 
high. Continued surveillance to monitor trends in drug use, HCV 
incidence, and risk behaviors is also required. Development and 
implementation of harm-reduction strategies such as NSP, OAT 
and other forms of addictions treatment (e.g., methamphetamine 
injectors) including broader coverage, enhanced early access, and 
intensification all need to be part of a multi-faceted approach to 
reduce or eliminate HCV among PWID. Lastly, expanding HCV 
screening, assessment and treatment among PWID is needed to 
reduce the HCV-related morbidity and mortality, particularly 
given the potential prevention benefits of HCV treatment in 
reducing transmission [38]. 

Supporting Information 

Figure SI Kaplan-Meier graphs of time to HCV sero- 
conversion by calendar year of enrolment among PWID 
in the VIDUS cohort between 1996 and 2012 in 
Vancouver, Canada. 

(TIF) 

Table SI Participant enrolment characteristics among 
HCV antibody negative participants with no follow-up 
visits (1 visit) and follow-up visits (S2 visits) enrolled in 
the VIDUS cohort in Vancouver, Canada between 1996 
and 2012. 
(DOCX) 

Acknowledgments 

The authors thank the study participants for their contrihution to the 
research, as well as current and past researchers and staff. We thank 
Deborah Graham, Peter Vann, Tricia Collingham, Cody Gallon, Jennifer 
Matthews, Guillaume Golley, Sabina Dobrer, Caitlin Johnston, Jenny 
Matthews, and Steve Kain for their research and administrative assistance. 
We also thank Filipe Monteiro for help with preparing the diamond figure 
for this manuscript. Disclaimer: NIH and CIHR had no further role in 
study design; in the collection, analysis and interpretation of data; in the 
writing of the report; and in the decision to submit the paper for 
publication. The views expressed in this publication do not necessarily 
represent the position of the Australian Government. 

Author Contributions 

Conceived and designed the experiments: JG EW VDL BM MM KD MK 
GD TK. Performed the experiments: JG VDL. Analyzed the data: VDL 
AS JG EW. Wrote the paper: JG EW. Critically reviewed the first draft of 
the manuscript and approved the final version to be submitted: JG VDL 
BM MM KD JM AS MK GD TK EW. 



6. Hagan H, Pouget ER, Williams IT, Garfcin RL, Strathdcc SA, ct al. (2010) 
Attribution of hepatitis G virus seroconversion risk in young injection drug users 
in 5 US cities. J Infect Dis 201: 378-385. 

7. Hagan H, Thicdc H, Weiss NS, Hopkins SG, DuchinJS, ct al. (2001) Sharing of 
drug preparation equipment as a risk factor for hepatitis G Am J Public Health 
91: 42-46. 

8. Mehta SH, Astemborski J, Kirk GD, Strathdcc SA, Nelson KE, et al. (2011) 
Changes in blood-borne infection risk among injection drug users. J Infect Dis 
203: 587-594. 

9. Ivcrscn J, Wand H, Topp L, Kaldor J, Maher L (2013) Reduction in HCV 
Incidence Among Injection Drug Users Attending Needle and Syringe Programs 
in Australia: A Linkage Study. Am J Public Health. 

10. Page K, Hahn JA, Evans J, Shiboski S, Lum P, et al. (2009) Acute hepatitis C 
virus infection in young adult injection drug users: a prospective study of incident 
infection, resolution, and reinfection. J Infect Dis 200: 1216-1226. 



PLOS ONE | www.plosone.org 



9 



June 2014 | Volume 9 | Issue 6 | e97726 



HCV Incidence in PWID 



11. Bruneau J, Roy E, Arruda N, Zang G, Jutras-Aswad D (2012) The rising 
prevalence of prescription opioid injection and its association with hepatitis C 
incidence among street-drug users. Addiction 107: 1318-1327. 

12. Cox AL, Netski DM, Mosbruger T, Sherman SO, Strathdcc S, et al. (2005) 
Prospective evaluation of community-acquired acute-phase hepatitis C virus 
infection. Clin Infect Dis 40: 951-958. 

13. Ruan Y, Liang S, Zhu J, Li X, Pan SW, et al. (2013) Evaluation of harm 
reduction programs on scroincidence of HIV, hepatitis B and C, and syphilis 
among intravenous drug users in southwest China. Sex Transm Dis 40: 323— 
328. 

14. Maher L, Li J, Jalaludin B, Chant KG, Kaldor JM (2007) High hepatitis C 
incidence in new injecting drug users: a policy failure? Aust N Z J Public Health 
31: 30-35. 

15. Hagan H, Thiedc H, Dcs Jarlais DC (2004) Hepatitis C virus infection among 
injection drug users: survival analysis of time to seroconversion. Epidemiology 
15: 543-549. 

16. Roy E, Arruda N, Lcclcrc P, Haley N, Bruneau J, et al. (2012) Injection of drug 
residue as a potential risk factor for HCV acquisition among Montreal young 
injection drug users. Drug Alcohol Depend 126: 246—250. 

17. Kim C, Kerr T, Li K, Zhang R, Tyndall MW, et al. (2009) Unstable housing 
and hepatitis C incidence among injection drug users in a Canadian setting. 
BMC Public Health 9: 270. 

18. Grebely J, Dore GJ (2014) Can hepatitis C virus infection be eradicated in 
people who inject drugs? Antiviral Research. 

19. BCCDC (2010) Trends in HCV incidence in British Columbia. British 
Columbia Centre for Disease Control. 

20. Kerr T, Small W, Buchner C, Zhang R, Li K, et al. (2010) Syringe sharing and 
HIV incidence among injection drug users and increased access to sterile 
syringes. Am J Public Health 100: 1449-1453. 

21. Li X, Buechner JM, Tarwater PM, Munoz A (2003) A Diamond- Shaped 
Equiponderant Graphical Display of the Effects of Two Categorical Predictors 
on Continuous Outcomes. The American Statistician 57: 193-199. 

22. Roy E, Alary M, Morissctte C, Leclerc P, Boudreau JF, et al. (2007) High 
hepatitis C virus prevalence and incidence among Canadian intravenous drug 
users. Int J STD AIDS 18: 23-27. 

23. Roy E, Boudreau JL, BoivinJE (2009) Hepatitis C virus incidence among young 
street-involved lDUs in relation to injection experience. Drug Alcohol Depend 
102: 158-161. 

24. Miller CLJohnston C, Spittal PM, Li K, Lahberte N, et al. (2002) Opportunities 
for prevention: hepatitis C prevalence and incidence in a cohort of young 
injection drug users. Hcpatology 36: 737-742- 



25. BruneauJ, Daniel M, Kestens Y, Abrahamowicz M, Zang G (2010) Availability 
of body art facilities and body art piercing do not predict hepatitis C acquisition 
among injection drug users in Montreal, Canada: Results from a cohort study. 
Int J Drug Policy. 

26. Lima VD, Nosyk B, Wood E, Kozai T, Zhang W, et al. (2012) Assessing the 
effectiveness of antiretroviral regimens in cohort studies involving HIV-positive 
injection drug users. Aids 26: 1491—1500. 

27. Lima VD, Bangsberg DR, Harrigan PR, Deeks SG, Yip B, et al. (2010) Risk of 
viral failure declines with duration of suppression on highly active antiretroviral 
therapy irrespective of adherence level. J Acquir Immune Dcfk Syndr 55: 460- 
465. 

28. Hadland SE, Marshall BD, Kerr T, Lai C, Montaner JS, ct al. (2012) Ready 
access to illicit drugs among youth and adult users. Am J Addict 21: 488-490. 

29. Grebely J, Dore GJ (201 1) Prevention of hepatitis C virus in injecting drug users: 
a narrow window of opportunity. J Infect Dis 203: 571—574. 

30. Kwon JA, IversenJ, Maher L, Law MG, Wilson DP (2009) The impact of needle 
and syringe programs on HIV and HCV transmissions in injecting drug users in 
Australia: a model-based analysis. J Acquir Immune Dcfic Syndr 51: 462-469. 

31. de Vos AS, van der Helm JJ, Matser A, Prins M, Kretzschmar ME (2013) 
Decline in incidence of HIV and hepatitis C virus infection among injecting drug 
users in Amsterdam; evidence for harm reduction? Addiction 108: 1070-1081. 

32. Werb D, Kerr T, Buxton J, Shoveller J, Richardson C, et al. (2013) Patterns of 
injection drug use cessation during an expansion of syringe exchange services in 
a Canadian setting. Drug Alcohol Depend. 

33. Werb D, Dcbeek K, Kerr T, Li K, Montaner J, ct al. (2010) Modelling crack 
cocaine use trends over 10 years in a Canadian setting. Drug Alcohol Rev 29: 
271-277. 

34. Tyndall MW, Craib KJ, Currie S, Li K, O'Shaughnessy MV, et al. (2001) 
Impact of HIV infection on mortality in a cohort of injection drug users. J Acquir 
Immune Defic Syndr 28: 351-357.' 

35. Hyshka E, Strathdee S, Wood E, Kerr T (2012) Needle exchange and the HIV 
epidemic in Vancouver: lessons learned from 15 years of research. Int J Drug 
Policy 23: 261-270. 

36. Pouget ER, Hagan H, Des Jarlais DC (2012) Meta-analysis of hepatitis C 
seroconversion in relation to shared syringes and drug preparation equipment. 
Addiction 107: 1057-1065. 

37. Brenner BG, Wainberg MA (2013) Future of Phylogcny in HIV Prevention. 
J Acquir Immune Defic Syndr 63 Suppl 2: S248-254. 

38. Martin NK, Vickerman P, Grebely J, Hellard M, Hutchinson SJ, et al. (2013) 
HCV treatment for prevention among people who inject drugs: Modeling 
treatment scale-up in the age of direct-acting antivirals. Hcpatology. 



PLOS ONE | www.plosone.org 



10 



June 2014 | Volume 9 | Issue 6 | e97726 



